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摘 要 
目的： 研究特异性 Kv1.3 通道阻断剂 ShK(L5)对大鼠动脉粥样硬化发生过
程中 T 细胞亚群及 Kv1.3 通道表达的影响，阐明 Kv1.3 通道在动脉粥样硬化中的
作用。 
方法： 将大鼠随机分为 3 组， AS 组给与高脂饮食联合维生素 D3 负荷的
方法喂养，药物干预组在 AS 组基础上每天皮下注射特异性 Kv1.3 阻断剂
ShK(L5)；对照组仅给与基础饲料。8 周后留取主动脉石蜡包埋，应用 HE 染色、
Masson 三色染色观察主动脉粥样硬化病变情况；应用免疫组化方法观察 CD4+T
淋巴细胞和 Kv1.3 通道表达；并用 IPP 图像处理软件测量计算内膜中膜厚度以及
免疫组化平均光密度。 
结果：AS 模型组和药物干预组 TC、TG、LDL 与对照组比较明显升高，HDL
相比降低（P＜0.05）； AS 模型组主动脉内膜增厚明显，可见大量炎性细胞浸润，
中膜平滑肌层排列紊乱；药物干预组内膜病变程度减轻；对照组各层组织结构正
常。免疫组化示 AS 组大鼠动脉粥样硬化斑块中 CD4+T 淋巴细胞亚群及 Kv1.3
通道的表达较对照组有明显升高，经药物干预后表达减少。药物干预组和 AS 组
内膜中膜厚度及免疫组化平均光密度结果比较都具有统计学意义。 
结论：在动脉粥样硬化病变局部 CD4+T 淋巴细胞浸润，并且在 T 淋巴细胞
聚集的部位，Kv1.3 通道蛋白表达明显增加，提示 Kv1.3 通道可能通过调节 CD4+T
淋巴细胞的活化增殖，加速动脉粥样硬化的发生；特异性阻断 Kv1.3 通道，可以
减少动脉粥样硬化中 T 细胞的数量，减轻动脉粥样硬化的发生；Kv1.3 通道可能
成为动脉粥样硬化免疫治疗的新靶点。 
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Abstract 
Objective： To investigate the expression of CD4+T cells and Kv1.3 in the 
plaque of rat’s atherosclerotic model, under the intervention of specific Kv1.3 blocker. 
To explore the possible mechanisms of Kv1.3 in the formation of atherosclerotic 
plaque. 
Methods： Rats were divided into 3 groups at random. The AS group was built 
by superfatted diet and  Vitamin D3 overload. The drug intervention group was 
injected ShK-L5,the specific Kv1.3 blocker, by Subcutaneous once a day, adding to 
the AS group. The control group was fed with normal diet.8 weeks later，we isolated 
the aorta for HE staining, Masson staining and immunohistochemical analysis of 
CD4+T cells and Kv1.3. By using IPP system，we also measured the intima-media 
thickness and invested the IOD of immunohistochemical images.  
Results：The concentration of TC,TG and LDL in the atherosclerotic group and 
the drug intervention group were significantly higher than that in the control group, 
while the HDL is lower（P＜0.05）. In the atherosclerotic group, the aortic endometrial 
was obviously thicken with inflammatory cells infiltrating in them. The medial 
smooth muscle cells proliferated and arranged disorderly .In the drug intervention 
group, these atherosclerotic lesions of aorta were reduced obviously. In control group, 
the morphology of aorta was relatively normal and cells are arranged orderly. The 
immunohistochemical analysis showed that, the expression CD4+T cells and Kv1.3 
channel protein were obviously  elevated in the plaque of AS group compared with 
the control group, while the expressions of the drug intervention group were reduced 
compared with the AS group. Through analysis by IPP system, the difference of 
intima-media thickness and the IOD of immunohistochemical images had a statistical 
significance between the AS group and the drug intervention group. 
Conclusions： Plenty of CD4+ T lymphocytes were found in atherosclerotic 
plaque, and in the area where T cells concentrated, the expression of Kv1.3 were 














- IV - 
of CD4+ T lymphocytes, and accelerate the development of atherosclerosis. Blocking 
Kv1.3 channel with specific blocker will decrease the CD4+ T lymphocytes in 
atherosclerotic plaque, then reduce development of atherosclerosis. It shows that 
Kv1.3 channel may be a new immunosuppressive therapy target for atherosclerosis. 
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AS atherosclerosis 动脉粥样硬化 
TC Total cholesterol 总胆固醇 
TG triglyceride 甘油三酯 
HDL high density lipoprotein 高密度脂蛋白 
LDL low density lipoprotein 低密度脂蛋白 
Tem effector memory T cells 效应记忆性 T 细胞 
Kv1.3 potassium channel 电压门控钾通道 
HE hematoxylin-eosin 苏木素伊红染色 
IHC immunohistochemistry 免疫组织化学法 
PBS phosphate buffered solution 磷酸盐缓冲液 
IPP Image-Pro Plus 图像处理软件 
IOD   Integrated option density 光密度 
ShK Stichodactyla helianthus Neurotoxin 海葵神经毒素 
IMT intima-media thickness 内-中膜厚度 
EAE experimental autoimmune encephalomyelitis 实验性自身免疫性脑脊髓炎
MS multiple sclerosis 多发性硬化 
EGF epidermal growth factor 表皮生长因子 
MMP matrix metalloproteinases   基质金属蛋白酶 
APC antigen present cell 抗原递呈细胞 
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第一章 前言 
1.1 动脉粥样硬化的发生机制 
动脉粥样硬化(atherosclerosis, AS) 是心血管系统中 常见的疾病,也是众多
中老年常见病共同的病理基础，其所致的心脑血管疾病已经成为世界范围内威胁
人类健康的主要疾病之一，而且其发病率正在呈逐年上升的趋势，严重危害了人






Ross R 和 Libby P 等在 1993 年提出了动脉粥样硬化的炎症学说，认为动脉
粥样硬化的发生源于动脉内皮细胞和平滑肌损伤的保护反应，当各种危险因素对
内皮细胞造成损伤后，引起粘附因子和趋化因子（如人血管内皮细胞黏附分子
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答。激活的 T 淋巴细胞既可通过分泌调节因子影响斑块的发生, 又可通过触发特





RA 患者发生心血管事件死亡相对危险性是正常人的 2～5 倍，心血管病事件占
RA 死因的 42%,而且发生较早,使 RA 患者生存期缩短 5～15；SLE 患者中以动脉
粥样硬化为病理基础的心血管病变是 常见的并发症和 主要的死亡原因，16～
37 岁的女性 SLE 患者中，90％以上存在严重早发冠状动脉粥样硬化，心肌梗死
的危险度也是同龄正常女性的 52.3 倍。研究机制表明 T 淋巴细胞介导的免疫反
应显著促进了此类疾病 AS 的发生和发展[6,7]。 
1.2 T 淋巴细胞与动脉粥样硬化 
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